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SUMMARY

It is shown in this note that since the influence of higher order scat-
tering at zenith of the twilight sky may be quite significant by comparison
with the brightness of primary twilight at the same point and dependent to
a high degree on the assumed atmosphere structure, any judgement on the optical !
properties of the atmosphere on the basis of the quantity B(0, 0) is entirely
void of ultimate significance.

* *

During the sounding of optical properties of the atmosphere by the twi-
light method the scattering of higher orders, which cannot be separated from
the observation themselves in the zenithal region of the sky, is usually under-
estimated. For this reason we conducted the theoretical calculation of that
effect in the assumption that the scattering of light (performed by the terres-
trial atmosphere) follows the exponential law for heights of uniform atmosphere
respectively of 10 and 20 km. As is well known, for a sufficient Sun's dipping
under the horizon, namely not less than 6°, the primary twilight segment is se-
parated from the troposphere above the observer by a large distance, and thus
may be considered as a certain external light source. In this case, which is
of greatest interest, the illumination produced by this partially polarized
segment in zenith may be represented by the expression

1(0,0) =~ -‘H\ Bz ) (g, 00 (1 + PP, cos2a)sinzd=dA,

where B(z, A), Po are respectively the brightness and the polarization of the
primary segment at the point with coordinates z, A; f (V) is the tropospheric
scattering indicatrix, found directly from observations with its polarization
component f, and f, [1]; a is the angle at (z, A) between the directions at
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the Sun and the zenith; t/u is a dimensionless quantity, equal to
2a .f(\‘}) sin 0d 0
and, finally, 9

p being the index of transparency.

A rigorous expression for B(z, A) must account for the refraction of light
rays in the atmosphere, the so called refraction dispersion, and the finite
dimensions of the solar disk, and also the scattering indicatrix, precisely
inherent to high atmosphere layers and characteristic of aerosols, but not of
the standard gas component. For the calculations indicated we utilized a sim-
pler expression, without taking into account the refraction, namely

B(z 4)~ L&) Vw0 11— ektw-nr) g,

sin ¢
Pomin

where the expression, standing under the integral sign in brackets, accounts for
approximately the lower atmospheric layer-produced extinction of solar rays
passing at minimum distance h, above ground, and wu(h) is a function of scat-
tering, depending upon the altitude and taken, as already indicated above, in
the form u(k) ==e¢"H, where H =10 km, H =20 km. It is empirically obtained
that K = 0.004 and B = 9 kn.

The relation between the parameter hg and the altitude h of the scattering
atmosphere element may be found for any point of the sky (z, A) and for any
zenithal distance of the Sun ¢ over the entire extension of the visual ray,
and then, utilizing the aerosol component of the scattering indicatrix, and
the brightness of the twilight segment may be computed. For brevity we bring
forth here the intensity distribution only for various points of solar verti-
cal in conditional units (see Table 1 hereafter).
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For an exemplary calculation of higher order scattering we shall point out
that, as indicated by tentative computations, the accounting of the polariza-
tion P, alters the result only by a few percent, and is thus not compulsory.
Utilizing the standard tropospheric scattering indicatrix, assuming that the
index of atmosphere transparence is p = 0.835 and finding for the ratio



t/u=17.78, we obtain for the point of the zenith the following ratio of
higher order scattering (troposphere component) o
I(0, 0) to the intensity of primary twilight TABLE 2
at the same point B(0, 0) (see Table 2).

—1 (0, 0)/B (D, 0) (£ -= Q)
As may be seen, the influence of scatter- —
ing of higher orders in the zenith of twilight v m=10: Jﬂ__wx,
sky may be quite significant by comparison — P
with the brightness of primary twilight at the ase | 0,05 | 0
same point, and it may to a high degree be depen- 98° — i 5,50
dent on on the assumed structure of the atmo- oo 32,7 18
1020 { 3.81
sphere. 106 | 13000 | 13744

Hence it follows that the observations of twilight sky at zenith are
totally devoid of ultimate significance for the judgement of optical pro-
perties of the atmosphere on the basis of the quantity B(0, 0).
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